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1
Introduction
A work item to specify 4-carrier HSDPA was recently opened [1]. RAN WG1 is tasked to specify physical layer changes that result from use of up to 4 carriers on the downlink with MIMO potentially configured in each of them and up to 2 carriers on the uplink. The carriers may be configured across a maximum of 2 bands on the downlink were as dual carrier operation on the uplink is indicated to be in a single band. It is also indicated that there should be single carrier support on the uplink even if 4 carriers with MIMO were configured on the downlink. 

In this contribution, we provide an overview of the design for the HS-DPCCH channel when SF128 is used. Additionally, we raise some issues related to flexible mapping of carriers to the HS-DPCCH channel when carriers are activated or deactivated. 
2
Background
The proposed options for HS-DPCCH design for 4C-HSDPA are as follows

· 1xSF128 – single channelization code with a lower spreading factor.

· 2xSF256 – dual channelization codes

· 1xSF256 – legacy code

Furthermore, it was indicated at the previous RAN WG1 #59bis meeting that the choice between 1xSF128 and 2xSF256 would need to be made at this meeting (RAN1 #60). 

The dual channelization code design was studied when HS-DPCCH design options were considered in Rel.8 [2-5]. The dual channelization code solution is well understood and the impacts to link budgets have also been estimated. Indeed, a choice for the second OVSF code had already been made (code index 33 on the I channel)
However, there are some open issues pertaining to the design choice 1xSF128 which need to be addressed before a meaningful comparison can be made. Furthermore, the criteria, based on which a decision can be made, needs to be established.
In the following sections, we raise a few open issues pertaining to the design choice of HS-DPCCH SF128. 
3
HS-DPCCH Design for 4C-HSDPA: SF128

The use of a smaller spreading factor enables the use of a single channelization code for 4C-HSDPA. It has been shown in [7] that a single code offers some link level gains over the dual code. Specifically, it was determined that when low false alarm targets are considered (of the order of 0.1%), the miss-detection error event dominates all other errors and the single code schemes performs better in this regard.
A guiding principle for HS-DPCCH design for 4C-HSDPA has been the re-use of existing codebooks that have been designed for DC-HDSPA, DC-MIMO, SC-MIMO and SC-HSDPA. Designing a new codebook would be a daunting task as the number of new code words that need to be designed is quite large (626 in the case of MIMO on all 4 carriers). Therefore, it is considered that the existing codebooks be re-used in the HS-DPCCH channel design. As a result, we propose the following,
Proposal 1: HS-DPCCH channel coding for 4C-HSDPA is based on re-use of existing channel code books.
Since there are 20 code symbols when a reduced spreading factor is used, and the existing codebooks contain code words of 10 symbols each, it is possible to fit in two code words from the existing codebook when up to 4 DL carriers are scheduled. 

Specifically, the following cases arise:
Case 1

· UE detects 4 HS-SCCH’s on the DL (4 DL carriers are scheduled by the NodeB)
In this case, Figure 1 shows the resulting HS-DPCCH transmission from the use of SF128.
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Figure 1: ACK/NACK transmission sequence for 4 DL carriers

Note that in this case, it is assumed that the carriers scheduled are Non-MIMO carriers. Therefore, in Figure 1, the codebook indicated is the DC-HSDPA ACK/NACK codebook designed in Rel.8. This is easily extendable to the case where MIMO carriers are scheduled wherein one would use the DC-MIMO codebook designed in Rel.9.

Figure 1, also shows the sequence of transmission, i.e., ACK/NACK info for Carriers 1, 2 are transmitted first while ACK/NACK’s for carriers 3, 4 are transmitted next. We would like to confirm that this is indeed the common understanding in RAN WG1.
Case 2

· UE detects 3 HS-SCCH’s (3 or 4 carriers may be scheduled by the NodeB)

Without loss of generality, we assume that the carriers that are detected by the UE are carriers 1, 2 and 3. In this case, Figure 2 shows the resulting HS-DPCCH transmission from the use of SF128. The transmission format for cases where a different set of carriers are scheduled is easily derived.
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Figure 2: ACK/NACK transmission sequence for 3 DL carriers
In Figure 2, note that the same code book is used as in Case 1. Since there exist code words in the DC-HSDPA codebook to account for the fact that a single carrier is scheduled, no changes are required. As in case 1, the transmission format remains the same when MIMO carriers are configured and scheduled. The only difference would be the use of the DC-MIMO codebook.
Case 3

· UE detects 2 HS-SCCH’s (2, 3 or 4 carriers may be scheduled by the NodeB)

In this case, we consider the carriers detected by the UE are carriers 1 and 3. In this case, Figure 3 shows the resulting HS-DPCCH transmission from the use of SF128. The transmission format for cases where carriers (1, 4) or (2, 3) or (2, 4) are detected, can be derived from Figure 3.
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Figure 3: ACK/NACK transmission sequence for 2 DL carriers – one in each half slot

Note that in this case as well, the codebook remains unchanged since the DC-HSDPA codebook allows for this scenario. As in cases1 and 2, the transmission format remains the same when MIMO carriers are configured and scheduled.
Case 4

· UE detects 2 HS-SCCH’s (2, 3 or 4 carriers may be scheduled by the NodeB)

In this case, we consider that the carriers detected by the UE are only carriers 1, 2. In this case, Figure 4 shows the resulting HS-DPCCH transmission from the use of SF128.
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Figure 4: ACK/NACK transmission sequence for 2 DL carriers – both in the same half slot

In Figure 4, the half-slot corresponding to carriers 1, 2 is transmitted whereas the other half slot is essentially DTX. When only carriers 3, 4 are detected, the first half of the slot is DTX. This affords no ambiguity at the NodeB while keeping the transmission format consistent. 

We would like to confirm that cases 1-4 reflect the common understand amongst companies regarding the design of SF128. 

There are some consequences to the transmission sequence in Case 4. Since there is a transmission of only a half-slot, the amount of signal available for DTX detection is essentially halved as well. The impact of this would need to be examined so as to obtain a meaningful comparison with a dual channelization code scheme. 

Additionally, the cubic metric impact of the waveform in such scenarios as Case 4 would need to be evaluated to ensure that the MPR is still more favorable than the dual-channelization code solution.

As a result, we make the following proposals.

Proposal 2: The HS-DPCCH ACK/NACK transmissions using 1xSF128 is as shown in Figures 1-4.
Proposal 3: Half-slot transmissions of HS-DPCCH are investigated to evaluate the miss-detection performance and cubic metric.
4
Flexible Mapping of Carriers on the HS-DPCCH channel upon Activation/Deactivation of carriers

Since the HS-DPCCH transmission sequence depends on the carrier ID (1, 2 3 …), it is essential that the UE and the NodeB are aware of the logical mapping of the carrier ID’s to the corresponding physical frequencies. A similar issue was addressed in [8] on the design of HS-SCCH orders since orders may need to be targeted to a particular secondary carrier.
It was proposed in [8], that the logical mapping of the carrier ID to frequency be established through L3 signaling (RRC connection set up). An example of such a mapping is shown in Table 1.
Table 1: Logical Mappings of Carriers to Frequencies

	Carrier ID
	C1 (UL1, DL1)
	C2(UL2, DL2)
	C3(UL3, DL3)
	C4(UL4, DL4)

	Frequency
	F1
	F3
	F4
	F2


From Table 1, we see that the transmission sequence when 4 DL HS-SCCH’s are detected would imply that ACK/NACK’s for frequencies (F1, F3) be transmitted on the first half-slot whereas the ACK/NACK’s for frequencies (F4, F2) are transmitted on the second half-slot as described in the previous section.

Since activation/de-activation on a per-carrier bases is allowed in Rel.10 4C-HSDPA, rules that govern transmission of HS-DPCCH when activation/deactivations occur, need to be established.

Consider the following cases

Case 1

· UE is configured with 4 DL carriers

· The number of active carriers after deactivation is 2.  

Existing codebooks require but a single 1xSF256 code for transmission of ACK/NACK for 2 carriers (with and without MIMO). A comparison of the 1xSF128 or the 2xSF256 dual channelization code with the legacy 1xSF256 shows that the power requirements for the 1xSF128 or the dual code solutions are higher than the legacy case. Therefore it is advantageous to fall back to legacy transmission format when up to a maximum of 2 carriers are active.
Figure 5 shows this transition and re-mapping of carriers to the HS-DPCCH channel when 2 or more carriers are deactivated. 
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Figure 5: HS-DPCCH re-mapping when 2 or more carriers are de-activated.

In Figure 5, we see that the legacy transmission format is employed when carriers 1, 2 are active. Since the legacy transmission formal employs SF256, this implies that the spreading factor would potentially need to change upon deactivation/activation. The same re-mapping principles apply when MIMO carriers are configured as well.

Furthermore, the logical mapping between the carriers and frequencies would need to be preserved. In the example shown in Table 1, if carriers 2 and 4 were to be de-activated, then HS-DPCCH for frequencies F1 and F4 and the corresponding carrier ID, C1 and C3 would be transmitted in 1xSF256 using the DC-HSDPA code book. 

Since the HS-SCCH orders can be considered to be reliable (due to the UE acknowledgement of the order), the error events that potentially occur are considered to be rare. 

Case 2

· UE is configured with 4 Non-MIMO DL carriers

· The number of active carriers after deactivation is 3.

In the special case where 3 Non-MIMO carriers are active, it is possible (as shown in [9]) that a single 1x256 code could be employed for the HS-DPCCH channel. A single 1xSF256 offers power and cubic metric advantages over the other solutions.  

On the other hand, a design that results changes to the spreading factor upon activation/de-activation of carriers may contribute to the NodeB receiver complexity. Opinions on this aspect are solicited from NodeB vendors. It is considered however, that if the switching from SF128 to SF256 were to be deemed excessively complex, link budget gains that could be obtained by deactivation may be compromised. 
Way Forward

If flexible mapping of the HS-DPCCH channel is considered when 2 carriers are active and for the case where 3 Non-MIMO carriers are active, perhaps it could be extended to the case where 3 carriers are active with one or more MIMO carriers configured. 
Therefore, a mapping of a specific number of active carriers (and number of MIMO carriers) to the HS-DPCCH format could be specified – one that affords optimal link performance. An example of such a mapping is given in Table 3 in the Annex. 

The Alternative
If flexible mapping is not considered, a more rigid transmission format for HS-DPCCH would have to be adopted. An example of a non-flexible mapping of HS-DPCCH to carriers is shown in Table 2.

Table 2: Logical Mappings of Carriers to Frequencies and the HS-DPCCH channel
	Carrier ID
	C1 (UL1, DL1)
	C2(UL2, DL2)
	C3(UL3, DL3)
	C4(UL4, DL4)

	Frequency
	F1
	F3
	F4
	F2

	HS-DPCCH 

1x128
	First Half-Slot for ACK/NACK

First Slot for CQI
	Second Half-Slot for ACK/NACK

Second Slot for CQI

	HS-DPCCH

2x256
	HS-DPCCH1 –1st channelization code
	HS-DPCCH2–2nd channelization code


In Table 2, note that activations/deactivations would not affect the mapping of the HS-DPCCH channel to the logical carrier ID’s. In this case, a deactivation of carriers 3, and 4 when a single 1xSF128 code is used would result in the transmission scheme shown in Figure 6
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Figure 6: Non-flexible HS-DPCCH with 2 active carriers.

It can be seen from Figure 6, that half-slot transmissions occur in the ACK/NACK portion of the HS-DPCCH and a single slot is occupied by the CQI transmissions.

Since the C/P for the transmissions of the half slot do not essentially change, since the miss-detection and decoding error requirements need to be maintained, link budget gains are not obtained due to reductions in transmit power. A similar scenario occurs in the dual channelization code solution as well when carriers C1 and C3 are deactivated. 
Based on the two cases presented above and the associated discussion, we propose the following:

Proposal 4: Discuss whether the transmission format of HS-DPCCH is the same as in Rel.8 and Rel.9 in the case where 1 or 2 DL carriers remain active. 
Proposal 5: Discuss whether active carriers are mapped to the HS-DPCCH channel in a flexible fashion when carriers are activated or deactivated. This corresponds to the case where 3 DL carriers are active with MIMO configured on 1 or more carriers.

Proposal 6: In the case where 3 Non-MIMO DL carriers are configured, then a single 1xSF256 code is used to transmit the HS-DPCCH channel. This is similar to Releases 8 and 9 where the code design was applied to a configuration. This proposal is agnostic to whether flexible mapping is employed or not.
5
Evaluation of HS-DPCCH 1x128 vs 2x256

The following aspects need to be considered in making a decision about the HS-DPCCH design for 4C-HSDPA. 

· Cubic Metric Analysis.

· Since the cubic metric determines the backoff that needs to be applied at the UE, the link budget is directly affected. A cubic metric comparison between dual and single channelization code solutions needs to be conducted.

· The following scenarios need to be evaluated

· ACK/NACK transmissions corresponding to carriers 1, 2 only

· ACK/NACK transmissions corresponding to carriers 3, 4 only

· ACK/NACK and CQI transmissions corresponding to all 4 carriers
· Link level analysis

· If existing codebooks are re-used for both solutions, the decoding error performance of the code words is the same in both cases. 

· However, a miss-detection/false alarm study needs to be conducted to evaluate the benefit of one scheme over another.

· The following cases need to be studied

· Miss detection performance when 

· ACK/NACK transmissions corresponding to carriers 1, 2 only

· ACK/NACK transmissions corresponding to carriers 3, 4 only

· ACK/NACK and CQI transmissions corresponding to all 4 carriers

· False Alarm Rate = 1%, 10% and 30%
· Ability to re-mapping to a different HS-DPCCH format upon deactivation/activation

· Complexity vs Link budget gains
6
Conclusions

In this contribution, the design of the HS-DPCCH channel with SF128 was discussed. Some open issues were raised for consideration. Additionally, flexible mapping of carriers to the HS-DPCCH channel was discussed.
In summary, the following proposals are made:

Proposal 1: HS-DPCCH channel coding for 4C-HSDPA is based on re-use of existing channel code books
Proposal 2: The HS-DPCCH ACK/NACK transmissions using 1xSF128 is as shown in Figures 1-4.

Proposal 3: Half-slot transmissions of HS-DPCCH are investigated to evaluate the miss-detection performance and cubic metric.

Proposal 4: Discuss whether the transmission format of HS-DPCCH is the same as in Rel.8 and Rel.9 in the case where 1 or 2 DL carriers remain active. 

Proposal 5: Discuss whether active carriers are mapped to the HS-DPCCH channel in a flexible fashion when carriers are activated or deactivated. This corresponds to the case where 3 DL carriers are active with MIMO configured on 1 or more carriers.

Proposal 6: In the case where 3 Non-MIMO DL carriers are configured, then a single 1xSF256 code is used to transmit the HS-DPCCH channel. This is similar to Releases 8 and 9 where the code design was applied to a configuration. This proposal is agnostic to whether flexible mapping is employed or not.
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Annex
Table 3 shows the mapping of the active carriers to the HS-DPCCH channel.
Table 3: Mapping of Active Carrier to HS-DPCCH Configurations
	Number of Activated DL Carriers
	Number of MIMO Configured Carriers
	HS-DPCCH Mapping

	1
	0
	1x SF256: SC Codebook

	1
	1
	1x SF256: SC-MIMO Codebook

	2
	0
	1x SF256: DC-HSDPA Codebook

	2
	1
	1x SF256: DC-MIMO Codebook

	2
	2
	1x SF256: DC-MIMO Codebook

	3
	0
	1xSF256: 3C HSDPA codebook

	3
	1
	DC-HSDPA : 2 non-MIMO carriers

SC-MIMO: 1 MIMO Carrier

	3
	2
	DC-MIMO: 1 MIMO + 1 non-MIMO Carrier

SC-MIMO: 1 MIMO

	3
	3
	DC-MIMO: 2 MIMO Carriers

SC-MIMO: 1 MIMO Carrier

	4
	0
	DC-HSDPA: 2 Non-MIMO Carriers

DC-HSDPA: 2 Non-MIMO Carriers

	4
	1
	DC-HSDPA : 2 Non-MIMO carriers

DC-MIMO: 1 MIMO Carrier and 1 Non-MIMO Carrier

	4
	2
	DC-MIMO: 1 MIMO + 1 non-MIMO Carrier

DC-MIMO: 1 MIMO + 1 non-MIMO Carrier

	4
	3
	DC-MIMO: 1 MIMO Carrier + 1 Non-MIMO Carrier

DC-MIMO: 2 MIMO Carriers

	4
	4
	DC-MIMO: 2 MIMO Carriers

DC-MIMO: 2 MIMO Carriers
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